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Abstract:” Introduction; Céﬁcer_ and’ diabetes are proving to be léthal to human society and have
attracted attention of researchers atound the world. Synthesis of mixed ligand complexes is a challeng-
ing area owing to'their potential applications as drugs agdinst various diseases.

Methods: Synthesis.and biological evaliation of mixed ligand complexes of Vanadium(IV) with hetero-
cyclic bidentate.molecule 8-hydroxyquinoliné.as primary ligand and L-Amirio acids such as L-cysteine,
L-alanine,L-phenylalanine, Lxthreonirié ‘and L-serine as secondary: ligands is reported here. All the
complexes were characterized using-IR, electronic, Mass, TGA/DTA method, powder XRD analysis,
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molar conductance ‘and magretic susceptibility, measurements and were screened for their biological

Results: The synthesized mixed ligand éotnpngés were screened, for their z}ntibacterial activity against
E. coli and antifungal activity, against C.albicans. They were!also evaluated for in vitro antidibetic ac-
tivity, anticancer activity against HepG2' (human liver cancer cell line) by MTT assay.

Conclusion: The syﬁthesized"' mixed ligand gqn;p‘iekesA wgi'e’('thermally stable, para;nag’nétic, non-
electrolytic in-nature and proposed to have square pyramidal geometry. They also/exhibited potential as

antibacterial, anticancer and antidibetic agents. A

Keywords: Anticancer, Antidibetic, a—amylaSé, Powder XRE,HeP?GZ; Square pyramidali

1. INTRODUCTION

Cancer and diabetes are two major health issues in hu-
man society and hence are the primary concerns Qf.med_icinal
chemistry research. Cancer is a group of diseases leading to
abnormal cell growth, which is one of the’serious issues as it
spreads to other body parts. The platir.lum-ba-scd chplex
‘Cisplatin’ has attracted researchers owing to its anticancer
properties and since then, it has been a primary focus of re-
search in chemotherapy agents. Synthesis of metal complex-
es with less side effects and better cytotoxicity is a need of
the day [1]. A\

Diabetes Mellitus (DM), mainly identified as resulting:

from insulin deficiency or insulin resistance, is a serious
chronic disorder around the world [2-4]. The increasing pop-
ulation failing to this disease around the world has become a
serious issue today. Two types of diabetic situations are
identified viz. insulin dependent or typ; l'and non-msu}m
dependent or type 2 diabetes. The complications such as kld-:
ney failure, micro-and macrovascular disease, retinopathy,
neuropathy and atherosclerosis involved during the treatment
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using available drugs have created an urgent need %o search-
for new orally active drugs [2-4],

>+ Vanadium is an important tra\cevele\ment and essential for ..« -
human body [2, 5]. Literature.survey indicated towards the"
-potential of Vanadium compounds to possess insulin mimet-

ic activity, to inhibit lipolysis, to cause decreased blood glu-
cose levels©(BGL) in animals and.in clinical trials, and to
stimulate insulin secretion in expeﬁment\gl’médels [6-11].

8-hydfoquuinolin¢\is a r.honqpr\o\tiyc‘bidcntatc ligand and |

is. widely used in, complex, formation [12]s- ‘8-hquXyl

‘quinoline and jts metal complexes exhibit antisepti¢,” disin-

fectant and pesticide.properties [13],, Amino- acids mixed
ligand. complexes" are significant owing to their potential as
models for enzyme metal ion substrate complexes [14].

We report room tcniﬁ‘erature’sj}nthesis of five new bio-

. logically active Vanadium(IV) mixed ligand complexes us-

ing primary. ligand 8-hydroxyquinoline and secondary lig-
ands amino’ acids “such as L-cystein, L-alanine, L-
phenylalanine, I-threonine and L-serine in 1:1:1 molar ratio,
their characterization using various characterization methods
and their screening for antimicrobial, antidibetic, and anti-

._cancer activities using MTT assay.

©2023 Bentham Science Publishers
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2. EXPERIMENTAL SECTION

2.1. Materials and Methods

All the chemicals were purchased from S. D. Fine Chem-
icals, Spectrochem Private Limited, Qualigens Fine Chemi-
cals and Merck Chemicals. All the chemicals used were of
AR grade. All the solvents used were double, distilled and
dried using molecular sieves before use [15]: .

The melting point or decomposition’temperatures of all
the synthesized complexes were, détermingd using a simple
capillary tube method. Thermo Finnigan (Model: Flash'EA
1112 series) analyzer waswused to:perform elemental anal-
yses of all the synthesized mixed ligand complexes. Room
temperature molar conductance values of all the synthesized
complexes were measured by preparing 10 M solutions in
DMSO solvent using Equiptronics: conductivity meter with
an inbuilt magnetic stirrer (Model:Eq-664). Room tempera-

ture magnetic susceptibilities were“determined using copr(

per(I) sulphate as an‘internal standard usmg the SES In-
strument’s magnetic susceptlblhty Gouy s balance ‘(Mod-
el:EMU-50). .

A Shimadzu' spectrophotometer was used to record TR "

spectra of all the synthesized complexes in the region of
4000-400 cm™ using KBr pellets.  The electronic spectra of.
all the complexes were recorded using Shimadzu UV=1800
UV/Visible Scanning spectrophotometer (double beam) by

preparing 10 M- solutions in DMSO. Mass( spectra were &
recorded using Alliance 2795 Q-TOF Micromass mass spec-| ©

trometer. The TGA/DTA curves were recorded using,. DTG
60H module with a heating rate of 10.00 k/min. Nitrogen

atmosphere was maintained While conducting®experiments
with a heating rate of 10:00'K/Min and a temperature'range

of 30 to 1000°C using alumina crucible. The sample amount _ '
selected for the experiment was 9 mg. The powder XRDZS 4
spectra of all the complexes were recorded using an Ultxma A

IV instrument with X-Ray 40 kV/ZOmA

2.2. General Procedure

In a round bottom ﬂask an aqueous solution (20 mL) of ..
Vanadyl sulphate (1.63 g, 0.01 mol) was: taken. To it was’'

added an ethanolic solution (20 mL) “of 8- hydroxyqumolme

(1.45 g, 0.01 mole). The resultant.mixture was allowed to stir*

for 30 min at room temperature and an aqueous solution (20
mL) of respective amino acid (0.01 mol) was added in a

dropwise manner with constant stirring. The resultmg mix- ¢
ture was then stirred at room temperature: for'5 h. The black

coloured complexes were precipitated.’ They were fi ltered

ethanol, dried at room temperature and then were used for
further study. :

Scheme 1 represents the generalized proposed structure

for all the synthesized Vanadium(IV) mixed ligand com- o

plexes.

2.3. Antimicrobial Activity AO

All the synthesized mixed ligand complexes were

screened for their in vitro antibacterial activity against E. coli
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using well plate method [16] and for antifungal activity
against C. albicans using well diffusion method [16].

,0
O\c
H2N
; ‘HQ-I R =-CH,SH,HQ-2R = -CH3
HQ-3 R = -CH,Ph, HQ-4 R = -C(OH)-CHj,
HQ-5 R = CH,0H

Scheme 1. Proposed generalizcd structure of complexes.

2; 4 Antldlbetic Activity by a-Amylase Inhibition

A l the synthes1zed mixed hgand complexes were tested

: ':‘for their antidibetic activity using’ Bernfeld method [17] to
~study a-amylase inhibition. " Spectrophotometric determina-
“'tion of the absorbance-at 540 nm was carried out and the

perccntagé inhibition of a-amylase enzyme was calculated
usmg cquatlon (1) given below:

& P [(Abs 540 (control)—Abs 540 (extract)]
Percem Inlnbmcn (%) =5 X100 (D
4 2, 7 Abs 540 (control) 2

Sxmultaneous deterrmnatlon of sultable reagent blank and
nh'bltor controls were also camed out. ,

2.5. Antlcancer Study usmg MTT Assay
'[wo complexes HQ-4 and HQ-5 were screened for their

,,Aanncancer ,activity and cytotoxrcrty study using MTT [3- <&
“(4,5- dunethylth1azol-2-»yl)—2 5-diphenyl
Z {xmde] assay. The lruman lwer cell line HepG2 was used to
. assess the cytotoxrcnty '[18-19]. The cancer cell ling used in

tetrazolium  bro--

this work was selected based on casy- avallabxhty and wide
use. found in the"literature survey with-cisplatin. Analysis

was done by measuring the. absorbance of each sample using

microplate reader at a wavelength of 550 nm {n triplicate:

. Measurements wete performed and ICs i.e. tIie concentra-
L tion re uired. fov a 50% ‘inhibition of Vlablll &
first washed with cold distilled water and then followed by ; X tyw S deis

mined graphlcally \

& RESULTS AND DISCUSSION,\;

3. 1 Phys1cochelnlcal Data

All the syntﬁeslged complexes were obtained in 70-78%
yield, black coloured and non-hygroscopic. The thermal sta-
bility of all the synthesized complexes indicated the presence
of stropg metal-ligand bondmg in all these complexes. All
the complexes were soluble in DMSO and DMF.

x«\u’
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3.2. Molar Conductance

The_recorded values of molar conductance for all the
synt].1e51_zed. complexes (0.12-0.29 (Cm%Ohm.Mol) are very
low indicating their non-electrolytic nature [20].

3.3. Magnetic Measurements
N

The observed values of magnetic moments.( 1‘%.7210 87’
B.M.) indicated presence of one unpaired electron i’ these
complexes [20]. Table 1 represents: résults, obtained from
molar conductance and magnefic” susceptibility measure-
ments, along with elementa,l;g}i;élysis\dgtzi"fccorded for qll} the

€010623217541
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metal with oxygen atom of the carboxylic group of amino
acids. The peak due to v(V=0) stretching vibrations was
observed between 945-950 cm™ in the spectra of complexes.
Finally the bands observed in the range of 445-447 cm! and
6212632 cm™ indicated v(M-N) and v(M-O) bonding in

‘*{g%‘lnplexes, respectively Figs. (1A-E).

3.5. Electronic Spectra

Roomytemperature electronic absorption spectra of all the
syqﬁiéfSl’Z'ed mixed ligand complexes were recorded using a
‘,ﬂ:e‘jsmy prepared solution in DMSO. Three absorption bands

synthesized mixed ligand comploxes. =T o ‘Owere observed in case of all the five complexes.
OV {\ff}i > & (\;\ The first ba‘gd‘@t 203-264 nm indicated n—n* transition
34.1IR Spect};\gjf T “éj}\w & b ‘(\\Q‘O due to arorg \fic'tings of ligand. The second peak observed in
The btd, ‘é R l\) b di ;\;&f} 0N .y the ran efi 64-501 nm in electronic spectra of complexes
§-bac peay observed in e xange REB410 to 3442&% indicated charge transfer transition from ligand to metal at-

cm! can be assigned due to the:$y }mgt\r_i/@stretching of

HY
bond infiee 8-hydroxygui‘xfo\iiie,xpfo’lé‘culc. This pegl'c:"%as ”\{\@ Hechial 5 Q{;g
absent.in case of cgr\\gﬁ]éﬁcs\»&ﬁiéﬁ indicated{qqmp\cx t;oﬁ;"’ Third absorption ‘band observed in the region 479-791
mation between vanadium ‘and 8-hydroxyquéi;61ihc_ thx%'ugh nm i xclectro%c?éﬁectra of complexes can be caused due to
oxygen atom of ;OI&-IV,g‘(ou‘p‘”'. = \,g“‘ \iﬁ}“’“} d=6d* trapsifion of the central metal vanadium [21]. The

The broad p@@k:ﬁ 2920-29725:0@%\\‘\3(; q«t@i\—'\I:fH vibrations\}%@

in free amin® acids are shifted*fo highet;Wave number Jinthe
N RS Oyt ; :

rangwew\ggS\l -3057 cm Q\'{R\Spqctm\p}"metal complexeés”T his-
indicated that amino ‘group istbonded to the metal tl;{i@gﬁ
~hitrogen atom [14]. The.C=N stretching v@b“rﬁﬁon/g‘é‘ ik ob-

served at 1580 cmid the free 8-hydrofyquinpline‘ligand is

shifted to lower ave number up 01460-1465 cn! in IR\{g;K

fof:

spectra ofi\complexes indidating ,&gééﬁdination

<3}&1?’&?11sity were obser

r“ésultsggl')‘ ained from electronic spectra of all the complexes
i dji(fa:‘ted the presence of sqgﬁe’ pyramidal geometry in all

@'ﬁhese complexes [22] I:;j{gg.\‘"éZA-E).

X °
3.6. I}g}aﬁ%\p%tﬁ{‘
G = <&
IS'R/IS spectra of comple)’ge:s{‘i‘i'Q-4 and HQ-5 were

S The |
sa repr;s—sntative & The peaks of appreciable

'recorgga ;
served in both these complexes viz. peaks

hydroxyquinoline molecule With vanadium metal.throligh: ¢ ~at m/z 146, 252,301,.338) 355, 437, 453, 582, 727 and 749

ternary nitrogen. 0% Q%}{‘}%\* \ fz&” for %{)&%?npk Cand 146, 252, 355, 3(‘)\1,\@1 , 582, 727
o ONT 4 -5 . The peak at'm/z 338 i

The asymmetric and$ymmetric (C0,0i)}%dei bbgérved and 749 for HQ:S complex. The peak @h/z 338 in mass

in the region 15801597 and 1402-‘{;4()\8\ c%{f} 1’ spectra of \
free amino acid$ were shifted to lower wavehumbers region?»

Q

spectrum of HQ-4 and at m/z 301 inmass spectrum of HQ-5

complexes is nearest to'the compbsitions of complexes HQ-

Gl Ci:HuN20sV] cand HQ-S” [C12H12N20sV], re el
of 1571-1575"and 1373-1377 em™ respectively in cgglgié‘ﬁ- M\Q?%(I] lggsl (3%{%1)‘5“ \%QQ"@[ Y \:s;\)‘ Y
es. This indicated the bonding ong)O' group w;{.}g\ghnadlg@\) : \{\&r& 5 \\ 3 Q
i AT léxes. B ®)
Table 1. Physncochemg{s?é! jata of the synthesnzefi{ glggwexes 0‘(\® 0{2}@@ \ ‘\{:N O = 8 - e
A f{;\%iemental Anal @{% ; ~{§\ ; \%“21 \;Qi’) e\’ . ﬁ;\ﬁg\? " Malar Co \SQSCL
Proposed Molecu- : \(\@P reentage of ??'Qs‘;“sg)%ﬂ@d \{Q_‘{\ Yield ;l:&lffe 'O(. caQI ar
W 2 5, (Mhos (B.M.)
lar Formula C % ::X( 3 = Z ;{0\\} 3 CQQK{QQ} ¢ (%) \>5®M @%@ P
HQ-1 43.51 3.65 0@5} 1932 ~f \9.§ of ~ 1538 Qi\t‘%s«y&\e 0.12 (‘{S 1@ '&O
CLHN0.SV (43.47) ey @45 | (934 »}\}\@ ) (15.324:53 (2}{\!@ s O e
N X
HQ-2 48.18 404725 995 .2‘635{{ = {\Qﬁ{&3 Q\.O 2% & ‘%.2@(\\@ 1.84
Ci2Hi2N0.V (48.13) (4.01) (9:35) > @\.39) P ‘} (&7\.94)) «“\\16 i«\'{\
\) =g \r L3 w7 Y o
HQ-3 57.61 4.30 @Z(;f& 17,05 : \gﬂ;@g”ﬂ {\%/Q A o1s 1.87
CoHiN0aV (57.56) 426) | *(145) (17.05) ,xﬁ-‘&‘" (13.59) (%O \(}'Z}
- 51 2430 P B [ OY
HQ-4 47.43 429 £ ol - {,(Pk? & DL 75w 026 1.72
CoHiN2OsV (47.38) (4.25) (8.50) ¥ ~(24:30) 1549)
? N 5 A3
HO-5 45.73 3.84 889 | 2538 L (Q()\é‘m o o i
88 25.38 97 (1618
CiHiN,05V (45.68) (3.80) (5:88) ( ) — é ( )
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3.7. Thermal Analysis (TGA/DTA) coordinated 8- hydroxyqumolme ligand molecule. While the

400-
second weight loss observed in temperature range of

The TGA and DTA curves were recorded for mixed lig- 650°C indicated loss of second ligand molecule.

and complexes HQ-1 and HQ-2 as a representatlve case. Tt
Two major weight loss steps were observed in both these The DTA curve of both these complexes exhibite o

complexes. For complex HQ-1 the weight loss of -37.36% . g’o{;ad peaks in the range of 300-650°C. It was observed thz:it
was observed in the first step in the temperature range of, X&{‘ decomposition of complex is started at 300°C and completef
220-300°C owing to the loss of coordinated 8- hy roxyqump—: at 600-650°C. After complete decomposition, formation o

line molecule. While the second major elgh 1 sé of - fine powder of metal atom with reducing gaseous products

47.13% in temperature range 300- 600°C‘Was duqu tfle loss hke CO(g H; etc. were observed which confirms the loss of
i'dl

of another coordinated ligand mo eculé\ (J d“no nated ligands from metal during decomposition
pf‘é

For complex HQ-2 the fg‘gi &Cl t, lg§s was obsengei Pl L (ics 4 D)
temperature rangc of 25 —4 leuc?h is attributed og‘)(

e \2 \Th rmaf Analysis Re }sgﬂ?’
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Fig. (4A). TGA/Q?A curves of HQ-1. (4 ‘hzghekﬂsklutzan/colour vgz;qzyl ’@‘igure is waxla&e@)‘ble el@'omc copy of the article).
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3.8. Powder XRD Analysis and 25.86 nm respectively. The inter planner spacing (d) of

: complexes were calculated by using equation proposed by
POWder. Ry ?lnalyS.lS was performed to study the nature Bragpg (3). All the synthesized complexes show microcrystal-
of synthesized mixed ligand complexes. The XRD pattern line nature Figs. (5A-E)

indicated microcrystalline nature of complexes. The particle

sizes of complexes were calculated using Scherer’s formula \\@f\@
[25] given as in equation (2) ‘ . \S(* nA = 2dsin® 3)
{. \.\ § 3 ((:}\
Particle size (D) = [30‘307; 6.0 O‘\ @ (@3 &
G a\ .
A @j{ 5 : ?&l@&é‘, A= Wavelength of x-ray, and 6 = angle of diffrac-
on:

/
Where, A = wavelcngth\?\ﬁ@ray{\@éi\é%on, B= FWM 2
and 6 = diffraction angle, O oM

AN S, [ RN )
The mean partigle'size of complexes HQ-ly sHQ-Zd‘I -3,

Table 2 represents the results obtained from powder
XRD analysis f&;‘@ll the synthesized mixed ligand complex-

Xt Ty ' ) ) . \ \
HQ-4 and HQ<5 'was found to be 15.75,24:98, 10:60, 37.26 S )\
( : v A !,:\\ > 12000 & ‘*‘\\l\it. A \C}n‘\) " 1 ,\\x 1 "A(\n 1 L
e AN o0 O¥ -6y [ Complex-HQ-1 |
ﬁ\.\r}\‘M o L/ é‘k') e O(\Q) ; %?3
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